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Cim«& S>KA is mutated by crsatmg a ^ogfe- 
esrgL '«t''<i5i{ieJ 0T\\ Ihi nx. ^siti. s^is^a ss;)0« ihea is 

the 'V, ?e^w?<it Muunt '^SibulJSs»<i ot «»3ss3a«e<i tl 
staMjjj' arc afee disclosed. 
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12, XW, me contents ot mm &r« fully 



"mm :pm&m% invention relaites t© at met35©4 for 
muts^t-ing g^sseti<s jsat®riml «nd gcr^ening mutant 
genetic material tor a desired mutation, The 
invention f^srtber rs:Iates to mitant g«n®tic 
material produced according to tfe^e displosfed 
me^ttoodj as w«li as to ^ression pro«2upt8 ©f sueh 
mtitant genetic sjatferial, 

T^e largest class of naturally occurring 

fe»«r&iiy cmm^^ 8t different Mm of mmmi 

rsaotipn, md is usnmf himm m^im in its 
ftmdt.ie>3s« «n mnz^m mlmcnlm contains m active 
sit^ to mMk a sg#oifl« MvibBttm is fccmi^d teing 



mmouqh tlier® may slight variitlon^ te & 
gisti»ct tj^fe of n&ttir&iiy eeemsrrint wit&im 
a 9fiv«» spaoies of ommtsm, mmm^ molecules a 

respect to mmt£m mm^itipity, th^rml MbMU^ 

m& th^ ito. moh mm^immim of a nsteali^f 
mcmrim or «%iXd-typ®« «nsyiss ar^ nst necessarily 
©ptisaised for utilisation outbid© of the natural 
«Tivir©TJ®fent the &nzym^, St isay tlius be d.«sir« 
abl® to alter a. .natural csharaetsristic of an mzy^^ 
to opti^is^ a ©gsrtaiis property of th® fens^rsae for a 
«ps«lfi« er for us® in a specific environsssnt* 

m« amino acid sesgxi^saee of an ^nsij^® fi«t«r* 
3siin«s the c^amoteri^tics ot th® enzyme, and tte 
mzym^*^ amino meid seqiiaace ±b specific by the 
moU^M^ B^^mm of a mm coding for the 
en»y»«> A dsasge ot th^ amino acid sequence of m 
©nsym^ Bay alt#r the enssysse's properti©^ to varying 
aegrees, or may even iuactivate the misy»a, 
aepensling on the leeatiojs, nature aM/or magnitude 
of tlsie chasjge in tM amino aoid eeguenoa. 

Methods for Introa-uciitg specific ajsin© aoid 
changes into protains, such as oXigonusleoti<Se» 
air«otM jsutagisnesigi of mk, ara Imows in th© art. 
HOMevar, the aMlity to predict the affaet® of a 
sp^eifis; lautatioa is i^oor, makiisg the process of 
ereating and chairaoteri«^$jg deeired mutatioii^ 
laborious. 

Methods for random mtaf^nesis of genetic 
ffiat^riai are aleo Msown, hut in the absence of a 
method for rai^id and effective eor«ening of a large 



lisviag th^ d#sir®d mutation is t«diotj®. 

TKsr^ Trains a ntsd in th® art for new 8n4 
praatio&l mis-t*ge?v©e4s Msfi ser^sning aathods and for 




ems substantially tmsmta of m^cli 

prpt«3tses &5jtivitf mm Mmm Bmxtim 

wim detergents, ^^pie&lly this decay of &CEti-\ritf 
is f«©Bstrics in nature * tMt is* ^ certain pf^rcent- 
ag« of activity is lost i« &ach time interval. Tie 
prsssnt invention provides a method to develo|> 
novel prot«as«-s with ^nhance-d thOTaX stability and 
which surs.*'i%''fe pro3.ong&d storage in iis^id deter- 



tn «ccor(3ia«oe with th© prmmZ inwntien, 
method for mutating do 
i<3entifjing 

strand«d targ«t ragion in « cloned CKA s«9sent, and 

introduciiig a mutation into the target region by 
treatiisg th® target region with a cheasical mutagen"" 
issing agent e&pabX© of introducing mutations into 
singla-»st raided DKA. The targ«st ragion then is 
rendered doiible-strandad to fons xsutated double^ 
istranded SJHA, and a ssicroorganism transforsi^d 
with an expression veotor containing tha ssutated 
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mk is feigpreBsM t© torn m ^m^mBion f ro^act, 

FIG. 1 is & scbsis&tis die9T?im showing thm 
subtiXisin g^n^ oloma in plms^M pGX4330 for 
mutagenesis ana scrsenisif according to th« inven- 

FIG. 2 i» « «ch«aatlc diagram showing a gapped 

dupifex em molecule for mut&g^nesisi according to 
tUs invention. 

FIG, 3 i» a portion of the variant subtil isin 
mh seqaene© sJiowing t&e sinfiss fea^s s«l»«tittition 
in th« ftubtilisin g«n« vhich produces sisjbtiXisin of 
enh&no^a thenaal stability acoordiag to ths 
invention, 

FIC. 4 Is a graphic illustration showing 
therjs&l inactivation of variant subtilisin a.ccora» 
ing to the invention (?150) and s«3btilisin wild- 
type at €5«=C in 10 sjM C&CI2, ^ ^«2i# SO ssM Tris- 
mif pE B.Q, 

FXS. S is a grapbio illu&trat-iojn. showing 
thfermsl inaotivation of variant sufotilisin acoord- 
ing to the invention (7150) and sufetilisin vil<l-» 
typs at 45^C in 1.0 mM BDTA, 50 asH KCl, SO stl^! Tris- 
m , pi » . 

Fia. « is a graphic illustration showing 
th^nsal inactivatioii of variant s?ibtilisin accord- 
i»g to the indention {JIBS) ana stifetilisin wild- 
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aisii^o) propanssulphonic acid (C^PS) , pH 10. S. 

¥10. ? is St graphic illustr&tisjn showing 
aifferentlnl scanning caloriisetry <D3C) profiliss 
for variant stibtilisin according to ths invention 
(7150) and subtilisin viM-typ® at a protein 
concentration of 3»0 ^g/jr.! Cs««i« rat« SO«?c/hr»)» 
Samples v^re scanned in so ^ Tris-HCl, pK B.o^ so 
3!^ KCi with feith©r 103SM EpTA or iosjH caclg. 

FSG. g is » fraphies illustration showing 
thenaal stability of variant «ubtili«ins according 
to th« ^vention an^ sisJstilisift wiia-typ® at 70^Q 
in 10 3S» CaCi2, SO «K 1*i»~ HCl, 50 sM KaCl at pK 

e.o. 

JU mii^i^ jM(mmmw of the i^m mmEn mi^ap^^m^^ 

th^ pT^mnt inv^fktion r«lat«s to 3aodifi«&ti©» 
of on« or ssor« charactaristics of a protein^ such 
as ai^ ^n^sjis®, by ssratatiag a nucleotide sfe<|u«»ce 
Cgem) coding f»r th« protein ana ssr^sning for 
a^sirea mutations. Such modification oan include 
enhancing or aissinishing an #ng^^©«s thansal stabi- 
lity, substrate specificity, oxidation staMlity, 
activity profile imd^r Tarying conditions of pH 
astd/or tsisperatur®, and tm liM* 

I»rior to mutatioa of a gaaa eoaiag £ot an 
mmwm® Of ititersst, tha mm geisarally im first 
isolated trom its nattsral souro» and clo^e^l in a 
clo^iag wdtor, Mtarssativ©:^, laiam «!iidh is 
trans<^ib«d *rom th« 9«n« of iisterest can m 
isolated from tlie mmmm esll and coiiiffertsi int® 
cDH^ by r#y#r®# traBscriptlon for im&smmt into a 
ciDninf wmctm. & slosiisf vector can ba a phag© or 




Fro«adur^s for im&rtioss of or cDH^ into m 
vector for cloning purposes ar« -^mll knowi in thm 
art. pr©«e4«r#8 f«nsr&lly iftcl^d« inssrti©^ 

of mm g«n® of intmrasfe list© an ©i^sned restriction! 
&n?3onucl^©as§ -..site in the vector, and may involw 
addition of liomopoi>is@rie tails of aeoicpjucl^otiass 
to tte .s^Ms ot tfee and linkinf the gene to 

pzm^tit m ^ cioninf vsefcor mn U« «wt»t«d in 
aoeordano® with the laetlsoia of this invent ion. 

tmm^d Mccoxmrn to tha iuvoRtioK is pr^sa^t i« stn 
©argjsressiois v«ctor» An ©sepression vector genermy 
falls tmdeaf tlist definition of a cloning vector 
since an expression wotor usually includes th« 
cm0&mntB of a, t>^ical cloning v^otor, nam&ly, on® 
or more r®pl icons as defined above ^ and on® or mora 
phonotypic a&rJs^r® for selection purposes* 
Mditionally, an ssspression vector includes control 
©ei^aenoes encoding a promotar^ operator, riteosome 
binding site and traasiation initiation signal. 
For #s€prassion und#r th« 4ir«ctiois of tkm contafol 
sequences, tasrget fene to fee tr«iitsd isos?or«ling to 
tl^^ SjmmUm U mmiT lissked t?ith mm control 
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plasssia^ vith pXasmids being prsfsrred. 
Ac«ordi!fS9 to «n« &8|sfeot of 

thsr^aft^r isl«ntlfyiaf sjatants incMss the 8t«p of 
providing a ^ingl^-str&naea target r^gioij in th® 
cloned s«9'iaent, Ths target r^giOB casi iRcllide 
th& entire DHA se^js^nt of inter^st^ or & portion 
t,h«r«of* The targ&ted portion e&n l9«s yauaoi&iy or 
speeificaiXy s®lectea» 

trhs targ&t region »f ths DHA sWgmsnt of 
isifc&r-est is' rendered ^ingla^-stranaed tey 
sttitabl« isathod known in tM art, such as th® 
Bsthod disclosed in Shortly et al,, Froc, ...HatjU 

method involves providing & ^ingXe-stranded copy of 
a pl&ssaid containing th« ONA ««9»«nt of inter«st, 
and annealing to tij« «ingl«««tranded copy a ona 

frsgmaftt oojitaining plassaid mmq^mnism but isot 
including a aagaaiit complementary to th» target 
r«gion. This proc«dur« cr«at«» a gapped duplex 

molsciile witlj a singl««§tr«nded target region* 

one or more autationa are introduced into the 
eingle-stranded target region by treating the 

target region with a chessical w biological 
saittagenis;ing agent (sjut^sgen) c&p&ble of introatscing 
?sutations into singie-stranded DHA, on^ such 
CJhsmical mutagen is sodiujs bisulfite which catsses 
to A-T transitions only (wherein 0, C, A or T 
refer respectively to guanine, cytosina. adenine 
ansi thymine) , Other chemical or feiologicsl 
mutagens, »uch aa hydroxylamine, nitrous acid. 



formic aciat ^nd hy^T^zln^ sr^s ®%itafel« can ls« 
according to tijis iiwsntion. 

Mutations ares ir^troducsS at a contrellabie 
Xev®l, ad%'ant&9&£jusly froa on^ to abssut fiv<& 
chsng«s par •mal^cui®^ a li&rarj' ef ssxjtaited 

BH& in m m^-hiBnltim, pH 6.0 for s to 30 
minutes) « Mvantageo«sly, the library is Iarg« 
■&t« up t» 105*xo« aif f^rent variants 




Alternatively, 
th« elonea DKA fey replication of th« elon«d mh in 
& 38utat»r str&in of B« such as a Mat D strs.iis 

«^ i.t. mil, which produ&es i*^ range of mtttations <3u® 

to its error prcsne DKA pol^mferase. In thi® TOth«a 
Hilt D £«_S9.U containing plasssid ars grown at 37^0 
in aso Bl culture in rich ssedla containing SO S^g/isl 
tl5,yjsine to an optical a«srt&ity at 650 rm of 0»6« 
Thm plasjsid is amplified by th® addition of 1?§ 
ug/Bl chloramphenicol and continued incubation for 
IS hours ®t 3?»c, 

&ftor mutating tha target region, th© t&r^et 
ragion im ren^fered Soi;sfelo-atr&MaS by fillijtt in 
thB iiingl«!«stran<IM reglssa using MA poiyissrsas x 
CKlenow fragment) 

A ffiioroorgani^m im tra«aform«d with the 
mutate^a aoubl€s-strand«.a DHA present in an expres- 
sion vector, th^ sjutst^d t>m being operateiy linised 
to control sesgyenc^ss capable of directing esqsr®®-" 
aion of the ssutat^d SKA in the transfraed ssicro-^- 
organism, transfon&^d jslcrcorganiaia th^n ia 

cuXtivsted imder protein-producing conditions 
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Including n^c^ssary rsxjtrients and physiologically 
accepta&l® pH &nd t^seperaturs^ such tha^t ti^e 
ssutat^d DH^ Ib «!sspr«ss«a to form &n «5spr«ssio?5 

m« »«th©<l «co©r€is!tf to tfeis inv«t«Mon can fe^ 
used to mtstste serine prot«as«» to enhance o«rtain 
characteristics ^ particularly tharmal stability. A 
is a catalyst for tJi» cXsawf « of peptide 



I protease 



serine prot^sase is »h wMoh catalyxssB 

the hydrolysis of peptide bonds in which th«rd is 

an essential serine rsaidua at tha activ« site. 
Serin® protaasiss cs&n fee ijahiijited by phenylisethan*- 
^ultonyXfluori^s and hj diisopropylfluorophosphat«, 
A ^ubtilisin ist & serine prota&(Se produced fcy Srais 
positive Ijaotarla or fungi. The aiaino acid 
sequences of. nnvmn subtilising are Known* Thes-© 
include txv® s\i&>tillsine frojs B.-^oillus strains 
Csufctilisii^ BHIS sufetilisi?5 Carlsberg, axi^^tilisin 




h&t'i^mm thm rsgioiss coding for signal 

^Tasobs «*CIi:sninf s^gta^aeing and ®5spre®si©« 

of sia&tilisin earlsberg from Msllteai^limifa; 

m>timm m ama its aomparlson with 
of tise sijfetiiigin bpk% 

ai2JS€lS^563X C2^S72)J SveMs^ , 

The asiino acid m®§|u«»ce of tli® sisbtiiisist 
thOTitas^ from aiM^ioactijaimycfe^ mOa^i^ is also 



^complete primary BtmGtum 
ot thmrmit^B& from t&srtsoactinomyces vulgaris Mm 
its structural features r&Xated to the subtil is in- 

from two fungal 

m^', m^imm h Tritir*- 





siabtilisin siofe mm 



to r^lat;^ to 



of tfea mmim: trm in cc«^te with 

c*risb^,« wm.Mm. MMtm-m mm) 

stjfetilisin, « mm limx-BM CiSi45 , ) 

sin material'* is & pr«t^iim«®ous mtsriiil i^icfe 

material, any s^risis protease is a msfetiXisin v&ich 
Ms &t least 30%, prafisriijbjr so%^ sore prefer- 

ably 80% ajsi»0 acid sej|uenc« homology with ths 
s^qu«nce« f^f«r®,nc:M abav« for subtiliain BPH% 
sufetiiiBiij carlsbarg, stsfctilisiis DI, sufetilisiB 

Mot^ims^ sm: m^tmmmim^. Ttm^ ^^^^^ 

pm^m^ &r« also dmcrih^^ feerein as ^homomm^ 

trm^tormm aii m^mmS^m vsctDr carrying tfea 
mutated mk^ tf m^m^ion is to take place in a 
secreting microorganiipi 0t3ch ^.jjimU^, a 
single serene® »ay «ollw t&e: translatlois iaitis- 
tion signal and prec«a« tfee &m »f 
int^r^et. The signal sequence acts to transport 
tfee expression product to the sell ^all where it is 
eleavea from th« produot upon secretion, ^ha tesa 
"'control seg««j5cas« a® defined a&0%^e ie intended to 




is mmmtm In mm w^^mm^ m m mter material 



-is- 

Csueh as siitroa^liislos^) to whicfe s&or«tM 
®xpxm&im pT&mct <«.g,, ansyise) binds. Xn ords^r 
to «cr®«n for an esspreaslon product having a 
de»ire4 characteristic , filter bound «xpr«saion 
product i« at^bjaotUMl to conditions which distin- 
guish ©xpresaion product of interest from wil<j-typ« 
exprassion product. For exaapla, the filter-bound 
expression product can be siabjectad to conditions 
which would inactivate a vild-type expression 
product. The treated expression product can 
thereafter be cotstacted with a substrate of the 
ejisy^-©, ■ ana~^8ns%ns« activity with the substrate 
Idsntifi^s an expression -product with ©nhaneed 
stability ana thereby a desired jsutstion, 

Although the invention will further bss 
specifically described with respect to production 
of theraaXXy stable variants of the Saclllus serine 
protease, subtil isin BPN', it is to be understood 
tijat the present invention is equally applicable to 
Boditicmtion of the charscfceristics of oth&r pro- 
teins. In particular, other homologoiss serine 
proteases from other microorganisms aay be nutated 
and screened according to this invention. Thee® 
hoTsoXogous serine proteases aay include^ font are 
not lisiited to, those frois other Ms.U.Ul??. strains 
such as subtil isin Carlsbsrg fror^ Bacillus licheni~ 
feriis, lukLlI.4.tllL^J2I. ^ubtili.sln_.^g^loga(^a:^ 
ritiS^Sj fi^Jid Jsesentericopeptiaass-5, Fungal pro-- 
teases, stish as protease K ^nd thsrr.oaycolas«i »&y 
also b& usedt as veil as Baasmalian proteases 
produced in a bacterial host» 

For mtatlng subtilisin genetic coding 
sequences and isolating variant sufetilisin proteins 
of enhanced thermal stability, the subtilisin gene 



^ron a Msilim «peci«8 ii^cXudinf the natural 
pro53iotsr ana othsr control sequences is cltsmd into 
a plsssjsid vector containing repl icons for Isoth 

mix &ri'd ga&Ullt* ^ s^lsctabls phsnot^^^lc 

m^^kmx, ®.nd the ms origin of replication for 
|>roauctioti esf single-stranded plasisid m?A upon 
sispsrinf action with hslper phage IBl, Single- 
^trai?a«d pl&sjsid containing the olonad sx^tili- 
sin g«n« is isolated and &isn«aXad with a DHA 
fragment containi«<3 vector »eqa«»««s tout siot the 
eoaing region of ®u33tilisin, to create, & gapped 
dupl«3e Hut&tions are introduced into th® 

ssabtilisln either vitis sodiim Maulfit®, 

nitrottfl! «ci<a, or for»io acid or by replication in a 
mistatpr stmin of 1.. . coll described abovfe, 
Sinc« eodiua bisuXfite reacts exclusively with 
cytosine in single-stranded DKA, the mutations 
created with this sutagan ara restricted only to 
the coding regions. Reaction time and bijsulfite 
concentration ere varied in different expariments 
such that from on« to five asutation^ are created 
per subtil i&ln gene on a%^erage. Inclination of ID 
of gapped duplex DHA in 4 H Na-bigislfite, pH 
6,0, for 8 minutes at 37»C In a sressctlon voXutso of 
400 \xl, deaminatss about 1% of oytosinss in the 
eingie-stranded region. The coding region of 
matura subtiXisin contains about 200 cytosines^ 
depending on the X»IA strand. Advantageously, the 
reaction time is varied trtm about 4 minutes (to 
produce a autation frequency of about one in 200) 
to about 20 minutes (about 5 in 200) . 

After mutagenesis, the gapped molecules are 
treated in vjtr^ with MA polymerase I (Klenov 
fragment) to »a3ce fully double-etranded molecules 
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aM to fijc the ssiutsstions. Competent S„<,_£all ^^"^ 
then -transformed with tls«; isutagenis^d DK& to 
produce an assplifisd liferary of mutant s^aJat ills ins, 
MxplitM mxt&nt libraries can also fee made fey 
gOTing ths; plasmld im in a Hut IS strain, of Es. 
igsOJL vMcH iiicrsasfes m rang© of mutations «5u« to 
its error pa^sne DSA poi^«ras«, 

ima mutagens * nitrous *eid md fo»±c acsi^ muj 
also Js« us«sd to produce mutant li&r®ri«s. Because 
these chessicals ^irta as spsclfie for single- 

stranded DKA as soditm feisuifite^,, ths isiitafanesis 
reactions are perforrsesa according to th© foliowirig 
proc«d«rs« The coding portion of tha subtilisin 
f^ne Is cloned into MX3 phage by standard ssethsds 
and singie-strand«d phage DHl^ pr^parad* 1?ha 
single*stx*anded DN?* is then rasctsd vith IH nitrous; 
acid pH 4,3 tor IS-60 Mnutes at 23^C or a,4M 
foraic aoid for minutes at as'^C. $hese ranges 
of r®aetion times i^roduce a mutation frequency of 
frois X in iOOO to S in mm, Mter mutstenesis, a 
universal primar ie annaaled to the H13 SKA and 
duplex tm^ Is syntlississed usin^ tfee mtstaganized 
single-^strand«a mk m a template eo t&at the 
oodinq portion of the sisbtilisin gen® becomes fully 
doufele-stranded, .s^s this point tha coding region 
can fes cut out of ths M13 -erector vith restriction 
ensyaes and llgated into an unssutageniaed expres- 
sion vector so that ssutations occur only in the 
restriction fragisent. (Hyers j&t . al> .g5;ig:n5:e 

To screen for thermostability, a library cf 
eubtiliein variant® should be produced vhioh is 
large enough to generate approseim&tely 5 3t 10^ 
random sufetilisin variants or Bore upon transform®- 
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sftlsaiiefeci t&ermal stafeiXity oemr tntmm^rttl^» 

to trsnsfom B. stifetilis wHich will feotli 
ana sfecr^t® sxsbtilisin. Th« subtil isin-feeariug 
plEEBia movant ag0oi;isl;^^ eontains a feigli eo|3y l^t, 
^iib t4., |., | s rf&plison and is eapafel® prcsdueing 
suJ&tilisin sit a higli level in a Baeillti^ tosfc. To 
ger©«n for stable variants a prota&s® d^afieient 1^ 
^ubt,ilis strain is tr&issf«3»a witli tit® ifariant 
im&T^ and pl&t»a out as foIlpwBi ^ 
nitross^lluXo^e fMt«r is placed on a mtximt hmm 
in & pm^l ^iBh, ana & c«lliilos« aeatat® fiXt^r im 
placed m t©^ of the nitirpcallislose. Oslmim ar® 
grows osj the celltjlos© acetate, aM stsSstiiisin trtm 
IMividual 6oX0ni@s is sscrated t&rougli tlie 
c«ilul:«0® acetate onto th« nitroosliuios^ «i3lt«f^ 
i^tee it is gtabXy &©tmd. Sii&tiiisin f roiis JatindrMs 
of colonics is Ijotind to a ssingXe fiMt aXXo^ing 
subs^siumt mcrmnim «f thousarsds of diffiirant 
variants hf processing jsultipXe flXtsrs, 

To id«intify colonics producing subtiXisin of 
enhanced tlisraal stability, the, filters a.ra 
incubated at 70% for 30 rdnut«s in hntfmx solvation 
to inaotivsts subst&nti&Xly ail wild'-ti^e subtiXi» 
sin activity, mrianti stsbtiXisiis^ Of enb&nced 
0ta&iXity retain aotiyity aftsr this Mating stap. 
msen istabXe variai^ts hmm mm mrtk^r autagsniaed 
to ser®^ fsr additioiiaX mtmsm U stabiXity, 
nXghm tamperattjres of ionf ar iacufeation tinm mmt 
m mm to inaoti^at« the feaekgrotind activity. The 
i4est«t3?^atM tntm then is soalsed ip a sol«tioa 
ooiitaissdng Tos^l*!*^^ methyl est«r (fM) CSifsaa) 
a«d tha pi itj<licator mmol red CISdda3«) . Bao««ae 



mHE U m wmutmtm for si&tilisia it is m>mm& ±n 
tmm m 1^® filter omitsiMnf wri&ist sssistmsim 
wUi^ xm^in mstim mttmr mmrma t^mmmt* m 
^imm^ occurs, protons r«ieasM ijj tlj«t 

reaction a»4 «auss phtnol red to ch&nf® is color 
from rssi to yellow iti areas rstaiaiiig protsase 
aoti^'-itj. 

ffeis proe84ur# o&n us^d te> Korean for ether 
classes of variants wit^ ossl^t'' slig&t isoaiti cations. 

filters ootsXsl fee treated at Mgh 
mi^Mm «ig«»ts, or uBder 
inactivate an 
iph m stsfetilisin, to tim vmmm^ 

oit^r coaM te« Mcmm&d &y repMcinf TMSg with 0t^^r 




Of mmmmi ^t&Jiiiity iB 
l^mmm^ m mTemninq, ttm colony frois which mm 
variant is derived is isolated ati«S tli® altsr^sl 
sxafctilisin is purifiM. Bscperiments be 
p^rforjsed on the p-urified en^i^sa® to aetermim 
oorsaitions of tliemi inactivaticn, de»&t«ration 
t^p®rat«r®, kinetic parajsetsrs a,® well as ether 
physical measuressents« The altered gene can .^Iso 
bsi mi^mcm to determine th& ami-na acid changes 
srwonsii&lfe for tfee ©rttisnced stability, ming thin 

to 

in ^mimmsm to thm^i 
iisactimtion at 6S»C Isaye Jb«en isolated. !3?he3maliy 
stable stibtiiisin is umtut is* 
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po^iticn aia ©f s-obtilisin enhances the ttensal 
stability- of s\sfc-tiXisin, WithotJt bsing bound to< 
««y particular theory, it is bslievcd that substi- 
tution of sarins for asparagin® at position 2 IS 
stabilises subtilisiin by increasing tbs ctog« in 
fr^® energy for the unfoiaing r«.action, According 
to «n« «sibodii!i«nt ot this invention * the present 
Invention reflates to a cXoniSd mut&nt subtil isin 
gens coding for a «ts&tilisiis material with serins 
sw&stitutM for aspar&gin« &t aaaiji© acid position 
218 Of »ubtiii»i«. Thin variant, produced fey 
strain WISO, has ^lesignat^d 7lS0. trhls 

Invaistton aXsd iiscMes other amino acid Wstitu- 
tions at the amino acid position 218 of aubtiXisin, 
W«oiaily aapartio aoid* 

In anot&tr «8)toodi»«nt of this invention, the 
gen« coding for a subtil isin isateriaX contains 
serin® or aspartic acid st eMno acid position sis 
and the subtilisin gsns also contain one or 

tsore additional ®?sino acta sub^titions, M;ong th« 
preferrM additional amino acid substitutions in 
the cionaa mtant 2iS-siibstit-uted subtilisin gene 
ar« ths following random j&utat«d subtilisin 
variants produc®a % the indicated strains* 
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isor® than on« stabiliKing i8\itatlon is 
i.nto the subtilisin s5ol«cul®, ths feats of thos« 
eb&nf^s appear to h& sdditiv® in free ^^ergy. 

addition to th« subtilisin qen^, ^^n^s for 
SJth^ aerine proteases or other types of 





s^fcilisiis for mmpU, to 

Carl^Jjerg for ^xas^pl®, nimmmms of sr^Iafcioji ±b 

as of aligning prot«i]ft 
w&m 4fegr®^ of r^late4n«.ss is qijit« smalls The 

mm^rmt ©. mfhoit Mitor, Vol, s 
. 2, 1^76, national Momeatol Rfes^areh 
««oj?f^tosm Uiiiversity H«dic&i crater. 
BC, 3 ff,, sntitl^a SE^H and 

&mtiti& reXate^sr, iks is w^ii }mom in the 
art^ r«lafcsa jprotains can 4if «®r ijj ni^^t of amino 
acids as wall as idantity each mi^ mm along 
tli« chain. is, tl^gsre can d^Xe^ion^ or 

iusartions whan two stracturas ar^ a3,ifis«a: f»r 
maxi™ Umtity. For sts&tiiisis 
earlsberg Jias only a?4 assino acids, whlX® aubtiXi-. 

275 a^sino ««ids, Aligrang th© two 
tbat Carlsteg has ,no rasid«e 
of sufetillsin BmK ' Thu^ 
m& mlno mid m^q^mnc^ of Carlsberg wo«ia appear 
^mty dittm^t fross bfh* unless a gap is rfeoordsd 
at l^&tim Ther«for#, on® c^n predict 

Um desr^a of m^imm that stsbstitmting sbe for 
at tommm SIS of imfetilisin Casris&^rg win 
ino3f&asa theasX 0t«l5ility, provided tliat tfe« 




-as- 



a gap, ©n® jsttst inf«jr tMt t&e strssctw® »3?^ 

diff«r«nc0^ well mrnn M tlm art* Baeausa of 
tfee®® local diff«r«ac®si, one sl^omlsl net tran^f^r 

s^r iJsmsdiat^ly adjaesjit, tic* tij# «it« of tliss 
mutation* f&ferefof®? aft^r aligning tte asiin© acid 
B©:qumic«s^ tfeoss jEutatione at or next are 
«S@i^t€5if fy&m., t3ie list of Aesir&ble mutations 
tJx» iBut«tiqn i» not a«d« » 

on« can ws® this rsasoninf t«s traissfer a^lX pt 



mim^Bnmi& mmod rev«a that thm structure ©f th® 
my^B Iseing stuSi«4 is lipfe optiml at tli&t 
Jocation, trhe random method usually ctaangest vsr^ 
few fesises within the gene* Usually only &m Mmm 
is changed mti^in & given codon? thus^ on© cannot 
go from any one asaino acid to all other amino 
aoids. For sKassple, th« codons for ASF (GM' and 
QKC) can changed by singla-base changes to (CUT^^ 

Tm, mT, ckCf The, M.Cf mT, mT^ qct, cqc, qtc, 
ace, OM, »r mm ^M«^ «sMa for his, ™, asm, 
QiM, or ms, isut mt to mm, tm, im, 



m random m&tifepdi has shown th&t a gives* 
sit® is not Qptisml, oli§mi33tci«©tia«-dir®©tfea 
smt^gwsis gsan ijmsM to int3fo<M(Sfe ^aefe of the 
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remaining IS amino acids sit tis&t sita. These 
ssiutants can then fc« tested for iiaprovsd propssrties. 

The ssat^JK subtilisin material of this 
invention can h& used as an aaaitiv© to washing 
preparations ^ such as detergents, which ara used 
tor «l«tSLning, in particular for cleaning clothes » 
The autant «tU>tili»in »at«rial of this invention is 
more thermally stable than wi3ia-typ» sisbtilisin 
material and thu» does not los« activity as rapidly 
as wild-typa when stored in solution with d«t«r~ 
gents or vhsn aufcjected to high heat during use in 
cleaning. By. uee of the mt&nt subtilisin »ateri&X 
of this invention as an additivs in vaahing 
preparations, the removal of proteinaceous atains 
on fabric is improved. The amount of isutant 
subtiXiein material that h& used as an additive 
to w&shing preparations are well known in the art, 
or jsay readily be ascertained by routine e>speri®en«" 
tatlon. The optimal ran^e of ien2Y5r,e concentration 
vill, of course f be rstlatc-d ^:;;.< ttt^ cocst of the 
engyBe and the amount of clearing needed, 

Thm invention is illustrated fcy the folld^riiig 
examples whicl:^ are not intended to foe limitinf. 



For mutagenesis, the aubtilisin gene from 

M&UM%^mn^Um»t&Simm including the natural 
projKoter sequences was isolated (Yasantha et al^ 
(IS 84) :liwS^Pteri»lSHY -ISS; 8ii»§ig) and cloned into 
« vector (pSX4330, Pigxire 1) containing ths beta- 
laotamase gens and rspXlcon fror^ pBR322 for growth 
in I.t_.c.o.l..i.; the kanaisycin nucleotidyl transferase 
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t®n# mm mpUmn t^m pmiw for groismi Ib 
m mXi^t mm ma orifM Of 3f€pXication foaf 

mmrixmptim with «p®r ph&m tm. Mms^ 

MBm l»tro«S5K5®4 into ^sifcttilMsi mm mimm 
witH mmm mmim^ m % m^imtim ii* 

mutstiTO wfer« rs^tsricstsa to th« stj&tili^in coiint 
region using a variation of t>ia ^©thod ©f FalJc and 
Hof^tett^r (ims) £^ aisSSS-S93|. Single- 
atrandsd plasmid Dm was anii«al®d with a di?a 
frag^sist oojstairiing %^®stor seg^sne^s but tsot t&e 
cpding rsgim &t subtilisin to cre&ts s gapped 
mplm 3&ol«mle CFif^r^ £)* 0»§i tag ©f singles- 
«fcafana«d ^GK4330 was Mis^s witis 1 ug of doiibl®- 
Etra«a«a ©St with Ml£ ema sail in 50 « 

$facx, so m fris-Hci ^ 8.0, io m i« » 

0£ 1? 111. The jm «&a ls®ata« to SO«C in a 
foiling Mater for 5 mirmm and to 

aaiieax at eo*^ to lo isinut&s, m« §appad 4tjp3.a5s: 
was reacted with soditiB Msulfite pi? in « 

yolims of 400 111 at 37»C* H^aetion tiBj« was mrisd 
from four to twenty laiiiutsts t» proSup« an average 
of ois« to five mutations par gs;n«« sincsg ^odism 
Msulfit® rsact^ ©scelu^iveiy vdtfe. c^-^tosins in 
^ingl«»strandea DNA, th® m^atations wera r^striatsS 
ml^ to th& sa&tilissin coding ragien, Mtar 
mtag«n#&ii85j, tUm fa|5|>eS aolscules wsra tr«at©d in 
wmi mA poiysaarasfe 2 CKl^now frsgis^nt) usisg 
well 3moim: t^mm^^ (Bm, e.g.. Folic a«ci 

molamle^ aM to fijc tJie im^atiSs, ^ 
Mi tmn mm trwfo*isad with tlia nutmmiz^ mA 



Ksniaal,« CoM Spri»t Harbor Wr^ss) 
smplifiaa library of mutant siibtilisias. Libraries 
WB also mads bsr gro^ring pG3£4330 in a Hut B strain 
a wia^r rangs of 

tions due to its < 



Thi variant library produced in sxasple x was 

nsea to transform S,«....iiSfeUMl strain SK4»3S, which 
will both exprasa and «acr«t« aubtiliain* Tha 

axibt a isin bearing plas5sd<3 contains a high copy e, 

^Milis repllcon and is capable ol 
subtiiisin at & high leval i?5 s Bacilltig host, 
screen for stable variants, g^r-", u^r"", Ss.«JSI&feili^ 
strain 0X4935 was transforssed with thB %^ariant 
plasjsid library and plated out as follows. Two 
filters were pli^ced on Tryptose BloosI Agar Base 
plisa 10 ug/jsl kanamycln plates. a nitrocellulose 
filter was laid diractly on tbe agar and a cellti-. 

filter was gXaced on top of it. 
. on tha top filter secrated ^«btili~ 
hm panseabla oslltiloas acatata onto 
the nitrocftlluloaa where it vaa stably hound. 
Subtilisin from husiaraaa of colonies waa boiaM to a 
single filter allowing swbae^ent acraaning of 
tbousands of different variants by proceasing 
myiltlpla filtars. 

Filters with isnbtiliain homid tharato ware 
inoubatsd gst 70<>c In 10 Ml CaCX^, 10 m Tri»«HCi pB 
8.0 for 30 mimites which inaotivs^t^a substantially 
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mi nmim or wil#-ts^ mt^M%^. 
mxi^nt pxotmmB &t ^mmm& stability sr«tain 

aetiirit^r after th« m&tim 

To dNtt^ trnm^'^hmm w^otBm» activity, th« 

I^-Asff mstfeyi fester J^mm) mm) mA the pH 
iMi«ator phejiol red flMl) titrat&sl to pH f.o* 
TMCS is « fosxl stsbstratfe for sufetilisia is 
sisai?#d in ZQnmw. t^-^ filter co?5tai»iBf sctiw 
sufetilisin* During tfea proommxr^f m sslaavaga 
©qpssxxssd^ pratons were r«l«ased in tls« raaaties* 
0&«sissf' ph^n^l red to c^ang^s in color frois r#d to 
yellow in a2?«a® of prat«ass activity, this 
procedure 4i»tingu» 




oloisies from tm 
grow« ±a Itmld 
eult^rs (2% yeast extract* 10 ug/j^l kanamycin) for 
IS hours. trader tli,«s<6 conditions, gu&tilisin was 
fetcreted into th« culture toroth at D.S-'l.S m/Ml 
and rfeprea«nts > so% of th« total ©Jsstrssellular 
prot«in detectable hy SDS polyacryla^ide gel 
«l«iC!tr0p&s3rssis. The variant sUbtiXisins were 
tesfeM for resistance to thsrsai inaetivation in 
solution. Cult^r® mm^^^mt$m was Mluted 20»folsS 
into eitMr 10 m cm.^* m m Tm^-mi ph i,o or 

caicitm, mm m^M^ mhimm mk^ni&i^, 

mmplm w®r# in«siijjated m 0$^c m4 ati tiise inter- 
vals i2|» t© m mimtmn, mimm ¥mm rmmm m& 
aetiyitr was mmmm^ «t 3?«^c wiJJt Az0ooll m « 



substrata. In tli« prsssnca of EDTA tis£«.polftts w«sr« 
tss3?:«?i after incu&ation at Vari&?5ts yjjoss 

half-time of thsrsial ln&oti%?ations wsr. greater than 
1^0% of wild-tj'pe subtil is iT^ wer* of int&r^&t and 
further charactisri^ea, t© confins that stable 

Btttations, pl&smia from positive eolonies 
purifi««l and to r«t»«n8form b. subti^.g, m 

almost all th« mrimsfonsed S, s^abtili« 

beto® ais the original isolat®. To se^eac® the 
stafel® variant g«B«s, tli» pXas^M was ti^^a to 
tra?isf©i-m «in<S singX«»straua«a testplat® was 

taade by superinfecting with phage IRI according to 
the procedures ^sscxrSJb^ai in CD«nt« at al^ <X9S3) 

Mg.Ieis_Mi-..^.g llsl64S<-lS55)« On® -^rarlant 

(GX71S0, deposited with JUasricsB Tfp^ Cultures 
collection, Rockvill«, Maj-yland sjs ATO 534S9) 
that produces a. th&r:aally stable sii:btiXisin was 
showj to bave a single bass cba-ng® in tb« cloned 
aubtilisin gene resulting in a substitution of 
asparagine 2X8 with ssrisie Csee Fig. 3) . oro ensure 
that th» enh&neM staSsiXity resulted solely fross 
this ohang«y thfe mutation was introduced into wild- 
typs subtilisiii hy oligonttolootiae-directed 
autaganasis «sing standajs^ proc^dur^s ^.g,, 

goiXsr and Smith mm), Mg.thMs in Snav^ology, 

Mas46S*^00> . rasuXtihg aufetllisin variant was 

shown to behave feisaotly Xika random iaolata variant 
siabtilisin pmdmM by mixm. 



SilbtiXiaijt produced by as ^escsrlMd 

s«ri»® was purifi<&<l from ceXl»fr&s f«;nsent&tion 
hT&thM hr msmnm «f following tferee«st«|» 



m 



7.0 by addition of solid 2*> (N-aoirphoXino) eth«n«sttI-> 
fonio acid (M««) and load«d onto a bad (13 x S e») 

of SE»S2 celluloses (i^fhatusars) whioh was preifiouslY 
equilibrated with 20 m m& buffer {pH 7.0 J, 
Sisbtilisin washes through unratarded tsM^r th©a& 



(2) Acetone fraetlonation of deab 
eluate. Acetone C~20^C) was stirred with th« DEJ^S 
®l\iate at 4^C* Tbs st^ibtilisin precipitates between 
SO and 70% aoatona. Thfe fraction the precipitates 
between 0 and 50% acetona ma diacarded. 

(3) C^atiaan) ehrossatography of 
aoetona presipitst®* Ths acetone precipitated 
SMbtiiiain v«8 diasoXvad in 20 ssH Kea buffer (pH 
6*0J and loadad onto a oolsiim (2*5 x X6 tsmj oi SB- 
S3 calluXoaa a^juiXibratad with the aame buffer. A 
linaar salt gradiant (0 to 0»2 M Hacl) was tasad to 
elate th® subtiiisin. 

FractioT^a containing the highest epaoific 
^ctivitie^ were poolad and stored at -20*C either 
as 70% . 
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subtilisin activity warn mm&Y^d hy monm^img 
tls^ liy^lrolysis sjf 1.0 ssM m^l^imm of stsb* 
strata, sueeinyX (l*} (J^l (t) -Pro-- CD -J^fe^^p^. 
niteaMlM® {SMPF-pm (Calbioches) ) , in « 
TriMCl CpH 8, ok so m mi at £S,0%. 0?s« iinit 
ot activity to tha to ei..p.e 

that ii3rtol3r»®» l mol& m stjb©tr«it« |>«r sin. und«r 
coMmUm. mm Of th^ p^mmtm of hydraly-^ 
|*-iiitroanilid«, Ms as* «Ktincti«m coefficient 
of mm m m, thus *Xlo%ring easy 

Bonitorir^ Of the WBmtic reaction mi^t: 

T,hi@nsal Inactivatiors stiadiss w«r« pezMm^ fey 
inc^&ting a subtili«in solution (O.DS mtM) 
*ais0oav«a i« a &aff^r of «lioic« Casually so m 
««CX ipn so irJI KCl) &t so®® particular 

teiap«rstitire» f&a ssxspls was plac^sl in a glass 
mmm «s ^hich Mm imm^m^d in a th^rs^osiatea 
cireniiatea watfer h&th e^iaibratM at th^ tempsra-. 

W prevented s«aliii§f witJi iParafilm. Aliquot^ 
CIO 111) mm^^€ various time points an« 

assar^d hf diltmm 1, 0 ^ of aasay aoltttion 

at 250c. t&e rata of: 

^rol^is of BMm^ tha «asi|»x« m 
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rates of feytolfaia &t mv^Btmtm mr^ measured 

€^t^ti^ witu a Kajft Scientific MxB%tmmt l®t«r« 
f&e^d wim m im pmmn&i pmmm^ impmi m ma 
c©istr«li«d wit*i fiSC Sott%?sstf« CHart Scientific) imt 
m« mnix &pmmim &Wtm (Mi^ro^oft^sassita cr^iK 

mm startisif |*»int 20»e ^0% at a erate of 
protein c«me«^ati<m 3.0 m^al. 

tBij^ layers of polyacrylsi&id# %fas pferfarsea wsing 
toown t^chniqui^Sj. s.g. winter C1S77) 

gels, «ioliise pim&B (pS 3*0 « 9*S) w&tm 

m^ch&m&d trm mB, 1th« calibsratioft ^taM*ra® 

stxfetillsin saasplas issacti-sr^tedl with pmml^ 

mmmmxs^m^flmmm il^n Mfora. XmMm 

tfee in order to |>re^ant smtol^sis aiaring 



The purified subtil 7X50 was found to hav« 
an isoelectrics point of a»S, essentially indistin'- 
^uishabl^ fross that of ths vild-typs ^nzjms. Only 
a minor contaisinant vith ^n isoeisotric point of 
S.3 was dBtect^d, This Xsvel of lio^ogsneity i« 
coisparsfel^ t© that of tlia wild typs. 
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The Bp^cltio lictivlty of svis-tllisiji ?iso 
xds It peptide stibstrat« v&s obssrad to X20 
± S tlnits/jsg. TJteis is sot higher than that 
ofeservM tor th^ wiia typ^t SO ± s tTnits/:s5g, ^^j^ 
average £or mar« than t%ro ^ozm mp&T^t^ isolates « 
This aiff«r«nce is ««« t» sisaXl changes in tJie 
for hydrolysis of th« sisbstxat^ 
^imr I*urifi«4 preparation* 

Plot® of th« Icgariths of ths& r«ajsinin^ 
as5tivity versus tims vsre foana, for ths most part, 
to b« linear over tha oouraa of thre« half-livs«, 
Thua^ a first order r5it« l&w is applicable* This 
is illustrated in Figure 4 which shovs t-he r&te of 
loss of activity for subtilisin 7iso and the vlld- 
type at ^S^^c in the presence of 10 m CaCig, 

m m mcx, and so ?jsM 9?rig«I, pH &,o* itnd^r th^se 
conditions, th^ Mild-typ^ nnzym^ was found to haw 
a half«Xifs of s& ± 3 laiauts^s which agrees wall 
with that r«p©rtea in th« literature for similar 
conditions (Voorapuw ii^...^ (ms) MsESiMitfeS^:* 
1SJ3716-3724). Th« reamlts for subtiliain 7150 
reveal that this eng^as has a h&If-lifa of aas i: 1« 
minutes, almost four tites that of the wild type, 
This is a clear dessonstration that ths singl® amino 
acid change of asparagine 218 to serine toiaati- 
o&lly iticreases the Icinetlc therssal stability of 
SUbtilisiin, 

1;hs enhanced ^tahdlity of subtilisin llSt> ™ 
tor a variety of other 
eonditiona. For example, the th^nsal Inactivation 
of s^^lstilisin 71S0 and %'iia type in the presence of 
SO m KCl 1,0 m EmA, pn B.Q, shown in 



at 45*5c du« to tfe^ fact that EDm negates the Icnown 
Btt^ct ot calcitm ions in stabilising subtilisin. 
lTna«r tbas« conditions, ©ubtilisin 71S0 waa found 
to hava a kalf-lif«t aXm>st thr«» tiisss tJsat of the 

The apparent grs&ter stability of siabtilisin 
71SD vas also fouua at high pH ao*$) at 40*C ill 
tli® pr«s®nogs of 1,0 m, EDTA aM protein coaeentra-* 
tion of SO as mhowtk in Figtar© S. 

oaia tfe^rmoSfnastie parameters for the oMing 
reaction of «ubtixi»in ver* ebtaitiftd through the 
use of' differftntiAl .scanning c«loriaetry. The 
resttlte obtained for subtlliain 7150 and the wildi- 

type sn^ii'ise are shown in Figure 7- Th® isnfolaing 
tsransition for siabtdiisin ?1S0 was found to occur 
at SO,? ± 0,1«C In 50 JsH Tris^HCI pH S.O, 50 asH 
KCl, ana 10 CaClg sosse 2v4^ higher than that 
observed for wild-type undsr identic^tl conditions. 
In the pr«s®noei of 10 JsH EDTAf tlie Scsnaturation 
tetspera-ti^r^ of subtilisin 7150 was €2.S»C, abont 
4«c higher than wild-typ® aubtiliein* Th«s® 
unfolding paraateters vere obtained by increasing 
th® t«sap«ratisre m^C/hr, starting at 20«*c and 
finishing at SO«C. The presence of the competitive 
inhibitor, K-<lan»yl~3-aainoben«eneboronic acid at « 
©oncfeBtratiott of 2 m 2 m at pH S.O), 

greatly rediicee the amount of autolysis that accom- 
panies the denaturation process for subtilisin. 

inorsasad tassperat^are of dsnaturation 
indicates that th« sisbstitution of s«srins for 
aisparagine at position 2 IS stabilises subtilisin by 
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increasing tii^ ch&i^^® in txm mi^r^ for tli« 
UT3fol«iing reaction. 

For stability studies xjnder alksltns? condi- 
tions, the siifetilisin fross b. sobtilis str&in 
ms r®e©wrea from a f«r3s©nt»tion broth fey 
c^ntrifugatien at 7,000 sjpjs for 30 ssimtss at 4»C* 
The «ttbtili«in v&s tb«n ooncentrnted «t 4»C by the 
mMitioa of ais»oijiis» «ulf«t» i^^B «»d tfe# 

pr»oipit«t« collected fey centrifttsation *t X2,000 
rp®i-for 30 isimtas at 4^Q, pelleted protein 

waa diluted in deionixed water to give a concentra- 
tion of 40,000 Alkaline Delft Unite <AOU)/gm, For 
soiaparatlva ptirposi&s, a coimfercial protease, Enseeo 
iEnzyTsi.& D«ve3.op5sent, Hew York, was dlluts?3 in 

deioniis^a. water to giv«i a «onc«ntration of 40,000 

T-he ©n^syises were incubat©?! &t a concentration 
of 4,000 ADU/gss in r^he ncn -phosphate bassd, U»S. 
MavY duty liquid detergent Ifisk^^ rsglstsrea 
trademark of Lever Bros. Co., Inc., N,¥., K.Y.) 
adjusted to pH 10. 0. The eolutione were incubated 
at 2S<*C for SS days tinder tJiese conditiosis. 

Washing tests were performad in a ^ergotometer 
using EMPA-lie (Ensiyae Kan«facturer» Performance 
assay from Test Fabrics, Inc., l^Y., K.lt.) as a 
test fabric. Two grams of wiek® detergent with 
enssyme was added to 1 liter of pH 9.6 deioniaed 
wash water. Subsequently, three 6« by 6« pieces of 
EHPli»116 along with thr«!« 6« by 6« pieces of 1!IS>&« 
asi (-an&oiled cloth) were add^d to the vasb vater. 
The wash was perfonsed for 15 ssin-utes at IB RPH 
agitation at S5^C. After decanting the vash water, 



th® fabrics w«r® rinsed tMoe -witli l-liter «aeh of 
coiai tap water, dried and ligiitly ironedi, EefX«et« 
mitsm of swatches w®r® detfensin^d wit^ a Gardner 
colorimeter (givissgAt* ^«Xtse«i3 » Reflectance 
read on both »id«« of «acto cloth (a total of 10 
readings per cloth)* IJ'ise results ar« ®:spr«®sea 
the ®san of 30 (3 fabrics) r^sdi^gs for 

each testx K^flectances ver^ eosspar^d to 
swatches that w^re wash«d^ using modified 
si5btiliein SS'H' a.na tiding detergent alone under 
idsj^tic&l con4iti«n^, ^ 

Tha perfprssanca results in the Wisk ^'detergent 
as fimn in »le I* 
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A imtant «l««ign&t®d <SXS31S was^ constructed 
using thr«« »ingl«-point autations. Tb« thr«« 
point autations w«r« all found by »er«ening 
randoaly smt«gmsiiie4 »ubtiXi»iR «« deseriteed afcov® 
in Sxai&plft II, Th» thrtt« »atation« vere Asn2i8 — 
>ser; SlylSl-— >AgjJj and Tfer2S4~>Aia* OUgo- 
nuoXsotid^ mutagsis^sls (ODM) %fas usesS to make these 
thriss changes in wiXsl^type subtilisin* 

Figtire B shows th« effs^st on thenssl s^tability 
of sons* cojs&inations of ths^s^; ssutatiorss* *rbs 
various proteins w^rfe incubated at 70^c in 10 xsM 
SO saH Tris-HCl, SO JlaCI at pR s»0, 
Aliquot® v$r« rssjovsd at various tisisss ^nd t«st&d 
for residual ensiisatic activity* i;n«S«r these 
condition*, wild-type «tibtili«in loa*s h&lt its 
activity m^Tst . 7 iainutes * GXm6© is tise easse as 
Jbut m&d® by om. 

Mutant G3e7i60 CWgl8^"-^>ser constr««tea by 
mtsta^etiesis) los«» MXf its activity «v«ry 71»:1 
i&inut«», vhicOj is 3.59 ti»«ft as long as the half- 
time of wild-»typ©. 

Hutant QX71S$ {hmZlB >Ser and SIyX3X— 

>Asp) loses half its activity every 127.7 min«te», 
which is 6.45 times as long as the half-time of 
wild-typ^s. 

Mutant GX8315 (AsttZlS >Ser, OlylSl— >Asp, 

and Thr2S4 ™>Als) loses half its activity mxj 
S30.3 ttinutes, vhich is 11.64 tl»«« as long as the 

MXt^tiae Of wild'-type. 
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Sifferentisi scanning caiorimetry &nd r^t^ of 
thenaal Inv'ictivatien, m d&scri&««^ in Zxmpl^ IV, 

IISQ mn 2M > SEE 

7M2 »t I3X ASF 
Tim MM aXS ™> SSI 
131 i&SF 
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s ATjg is tJie increase in tha as msasi;5rsd 
in a dlffsrsntial acanstin^ caXorissetry 
experiaeat. Th« r«8ult» for two extrsasi 

10 m €aei2V asfe showts* 

h The rates of tJiesraal inactlv&tion ar^ 
gxv«n as muXt-ipXss of that for th® wild 
tjfpa fejjsym«, Tiie rasuXts la i m Emh 
were oht&inm at '«!liiXe thosa is xs 

B3$ CaCls w«.ya ofetatinad at 6S«c, 



These data demonstrate that the effect of 
aingla stations on tha fre^ energy cf unfolding 
(as aasa«r«a fey is appro^^i^sstely additive %fhen 
different sin^Xa mutations are in a a ingle 

»XacuX« wharsas th« sffact on the rata of inacti- 
nation is MJXtipXicativa, 



^ BUtant dssig?i&t«d GX7164 vas msdsi by 

gtcid at location aiS. This was dons because 
su&stiliutiois o£ serim for aspar&gine &t location 
aiS had been shown to stabilise subtillssin B?H', 

in«ctiv«tion vhich is i.9 ti»«« as large as wild- 
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region in a alon^d » s§gsss=nti 

Mn9l«-stra3Xd&d target r^glDSj fey treating tise 
tar^t region witii s efe^iesl ox M&logic&l 

ich Mering fch« tasrg^t aoi^le- 
strais«3M to torn mtxt^tm ^om^-BtTmamd mki 

, tmmfmim » miemerganism with 

ea^rsssion vector? 

orga.rjis2s under co^nditions ^h^rein tfee ssutatfed 
is «5epressea to fons an expression products? an^ 

(f) screenincr the s^xpr^ssion products t«s 
identify m d«slr«a mntstion In the DKA segisent. 

a* The mstM of clstim 1 wUsrein B^id cXo»«d 
« eista tor an eftajfrn© »isd the ^Ts^rmsion product 
£^ a varl&ist of sitid «n«3?jim. 
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of claija 3 or 4 ^srsin said 



d®sir«a iswtsation pr«svM«s & sistetilisin Bat«ria,l of 
«!Khs.nc^d tli©rmai stability* 

The laethod of claim 1 vherein th® 
chsjsical Butagenisii^g agent Ib seX«ct^<S frojs the 
groap co^sigfting of sodims Jslsulfit^jf nitrous &cid 
and tormXc aeia, 

microorganism is ,s^^|sipi2is* 

i. method Of claim 1 whsrsijs the 

tr&i5sform«d iicroorgaaism is euXtivett^a in th^ 
l*resence of a filter stat^rial to whioh said 
«as|fr®ssioa protet hindB under conditions of 
cultivation wherain the esepression product is 
tx\^nsf erred to and boisnd to th« fixt»r material f 
and vherein tha screenii^g step includes treating 
the filter isaterial with ^x-prsssion prosSuct l3«\snd 
therssto by subjecting the filter-boimd expression 
product to conditiotis which wouia inactivate a 
wild-type expression product and thsrsaft^r 
contacting th® treated expression product with a 
substrate of eaid «nKj^e to identify an esspreseion 
product of enhsncea stability and tlisrsby identify 
said desirad mtatien. 

». A clonad mk ««9ment watated and identi- 
fied aocordinf to th® ssathcd of claiia 

10. A cloned mutant stslstilisin gene coding 
for a s^tilisin aatsri&l wMoh is capable of 
retaining subtil lain activity at a tesp&ratwa at 
which a wild-typ® sufetiiiain is inactivated. 
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11. A cloned mutant subtiXisin gen^ coding 
for a isubtilisin ssatssrial h&ving ^noth^r a^sino acid 
substituted for asparagin© at amino acid positio.n 
218 »f sufetiXisln, 

X2» gens of elaim Xl coding for subtili- 

sin material Mvinf serine or asparatlc acid 
»ute«tit«t«d for a»p«r&9in« «t aaino acid position 
218 of «utotili»in. 

13. Th^, osr «lal» 11 at least tsn^ 

aaditional amino aoi«t sisfestitutios. 



14. a cloned mutant su&tilisis g^n© coai»^ 
for a mutant subtilialn Bat&rial feaving s®ri»«: 
su&stitutsd for asparagins at assijvs acid fosition 
2 IS and aspartic acid substitutsa for gl^rcine at 
smino acid position I3X of subtil is in. 



1S» A clo««a siutant sxlbtilisin gen® coding 
for a mutant subtiXisin jsatsrial having ssrine 
st3J>stituted for asparagine «t amino aeid i^osition 
2U and &lm±m substitujtM for tlJ2?«onin® at amino 
acid j^o^ition 2M of sttfetlXisin. 

16, A cloned antant si^tilisin mnm coding 
for a mitmt s^tili^in mterial having m^im 
s^ifcstituted for asparafin^s at amino acid position 
2lt mrim sufestittttM for glyoin^ at assino 
acid iHsssitlon 



17. A clonad nut&rx subtilisin gens coding 
for a ssutant ^tibtilisin material having sarins 



si3b^tit\2t®d for aspsrafina at mino mia position 
21B and &^p&rtlc «cl4 substituted for glycine at. 
Mino acid position 231 and alsjjin® substitisted tor 
threonine. &t assin© acid pos^ltion 254 of subtilisiu* 

18 « A cloned isutant s-ubtiiisin ^sne coding 
for a sjutsnt subtilisit) 3s<&t«rijil iaaving &sp®rtic 
acid aufcstitutsd for glycii^^s at aisi»o «oid positioji 
3.31 of «tili»is. 



IS* K cJoiisa jsmtast «ssbfcili«i3i gem coding 
for a mutant s«&tillsin material feavin^ prolii»#? 
sutestit^sted for serin® &t amino acid positioji 188 
of sufetilisiu, 

20, A clomd mtasjt stsfetili^irt geha eoding 
for a Bstant stjbtilisin »t«riai hmitig fXutaaic 
acid ®t3fcstittit«d f ©r alanine m mlm aeid position 
lis. 



21. A clonsd mutant ^vsbtilisin gsm coding 
for a ®uta«t s-a-btilislj^ Batsri&l having isolaucii^e 
®u&stitutM for iwin^ at amino aoid position 126 
m sisbtilisift. 

22. It cipmd nmmt &mUlimin gei^« ceding 
for a ntutant stitetili^in material hminq ttoo«im 
stafe^titufeed for serins st amino acid poaitidn S3 of 
s^ibtilieisj. 



mm^ilisiM g®m of 



24, A tmtho^ for proaucing and identifying a 
subtiiislis Bat&ri&l ot mnh&nc&d thermal stabiiit^r 



at Issst a portion of vhisJh is in »ingl«»straMM 

gro^ip consisting of sodiiiam MsuXfite, utitro^s &«i<l, 
stna fojnaic acid to introauca at is&st on« »iit«tion 
into said gen^j 

CJj) rendering th« treated gen® doubles- 

C«)~^ tranafonaing fee^iyfeMUl mith 



BJfeyait in tha presence of a filtar saateriaX to 
wfeich stsfetilisiis is eapafeXe of jbinding, tmSer 
coasitiofts wJier«iB tha treataa ge«a is sssprass«d to 
foos an ^xpressiou ^roauct aM th$ expsrsssion 
product is transferrad to and bound to tlie flXt«r 
wterial ? 

(e) incubating th^ filter material to 
which the expression product is box3n<5 at a tasapera-- 
ture at or above a tejspsrature at which wiia-type 
subtilisln is inactivated; and 

(f) contacting th« iticxib&t&d expression 
prodxict with a svjbtilistin sabsstrata material to 
identify & sufctilisin sxatariaX o£ enharscad therrsal 
stability, and thereby identify a mutant subtilisin 
gene coding for a subtilisin material of enhanced 
tb^rmal stability, 

as* A mutant »ubtili«in material which is 
ssapaMs ©f retaining subtilisin activity at a 
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m> m^; mutant sisfefemi^in material of claim 
m wmx&in mm aateri&l is mutate rtfeilisin. 

mutant subtil isin iast#rial ©f elaim 
m pro4ue®i a^corfiing to tfea method of «laiss 3., 

m miino aeia rtstitution any eojaJsimtion of 

aatiyitF at a tesiperatur^ wfeicfe wiXd"ty|Sfe 

sssbtmiaiii is imctivatad, prodtess«d accoMing to 
tha matMa of elaim 1. 

30* A mutant subtil IsIt^ isatarial h^^^iiig any 
ajsino acid sufcstitiition vhioh corresponds to the 
positioxi of ar^ amino acid substitution in a first 
mutant subtilisin ^^at^rial which renders said first 
saiitant au&tiXisin jsaterial capable of retainirjg 
subtUisin activity at a tespferature a,t vHicfe viid- 
t^p^ SDdbtilisia is iuactivatsd* 



mim pmitim sis of sta&tiiisin. 
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32. Thm mutant ssufctilisin material of ci^i^ 
rtfiiit mmim or mp^mtit^ mU wmtmmd for 
t m^im mm position of sumii- 



33, Th§ mutant «t&tllisin material of cx&im 
31 having a«ast one additional amino acia 



34, A mutant sufetillsin ss^terisil having 
»«rin« substitutsdl for asparaglne at amino i^eii 
position aia^ and aspartic acid sutestitutea for 
gX^roins at amino acid position 131 of subtiliain. 



stabtilisin ssattsriaiX fe^ving 
fot asparagina at as6in© acid 
position 218 and alanine s«fcstitmt«d for thraonin« 
at amino acid position 2m of ^uJstillsin. 

36. sjutant subtilisin Bat^rial having 

sarins- substltut^a for ^sparagino at amino aeid 
position 21B and serine ^ubstit«t«d for glycine at 
amino acid positioii 166, 

, 37, A m^t&nt subtillsin ^atsri^l having 
serine substituted for agparagine at as^lno ^aia 
position SIS and aspartic acid at^bstitijted £or 
m^im at amino acid position 131 and alanine 
substituted for threonine at amino acid position 
2m of stabtiliain. 



38, A mutant sixbtilisin material having 
asp^rtlc aoxa ^^jisstituted for glycine at amino acid 
position 131 of subtilisin. 



proline sutetitut^d for sferlsss at aaimo acid 

glists&mic »cM sisbsttotaa for Mnim m% amino asM 
petition %%€* 

substituted for leueisi® at mim acid 
.^.position 126 subfcilisi», 

42. h wit&tnt mmtilisin material Ksifing 
threonine stibstitutefl for s«rii4«f at *jaino &eM 

The mutant stibtiXisln material of claim 
IS produced by euXtivati»g &^ ^ubtU^^ strain 

44:, 11 mmM for producing the imtant 
s\sMiiliein mat^ri&X: «f claim 43, coajprising 

Ottltivating .1.^ ,ftab|;il|s strain tmiBQ ikTCC Sc, 

«sr prctein-prodtscing conditions, 

45. & W ^trails ^sarrytef tfee matasit 

f^ne of claim iO» 

46. A ^,,„Bnmii^ straiis carrsring tU« mutant 

of cXaiis 11. 

47 « B, sytbtjlls strain c&Tce no, 

S34S&)* 



48. A theTOllj BtBbl^ mutant sufctiXisiti 
se-rln® prot«&se asat^rial o&tainsd hy the following 
^t^psj 

Ca) 3&ut&ting a first subtilisiin fcy the 
sietli©<S of cXsim 1 ana identifying any thraally 
stabilising assino acid mtatiens? 

(b) obtaining th© siisino acid ssgu^ncs of 
a sacond natural Xy~occurring sisbtiXisin? 

(c) aligning t33.*& amino acid fee<|u«ness of 
said first mtated msbtilisin with th« amino acid 
»e<ju«nc6 of *«cond naturally-occurring »ubtiXi»in; 

of tha - first mutated sta&tilisiii whioh fall at or 
iseact to gaps in tha rnXno aoi^s sequei^eas said 
first and sacond »iibtilisi«af 

(a) jsutating aaia second aubtilisin 
oligonuclsotide-dirscted autaganasis to match tha 
stations of said first ssutatad giishtiliaiisii and 

(f) prod\4cing a tharmlly stabla mutant 
^uhtilisin material. 



4§. A method for isaprovin-g the rsisioval oi 
proteinacaoua ;st&ins on fa&ric oossprlsing ®ddin-g a 
mutant subtil isin isaterial of any of claims 30»43 
or AB to a washijsg preparation and cleaning said 
stained fabri© with said washing preparation. 
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